Abstract: Metal complex of anti-diabetic drug, gliclazide was synthesized and characterized using elemental analyses, IR, NMR and thermal analyses technique. The results of conductometric titration using monovariation method indicate that complex is L 2 M (2:1) type which was confirmed by Job's method of continuous variation. The complex having the general formula i.e. (C 15 H 20 N 3 O 3 S) 2 Cu. The geometry of complex is assigned square planner supported by IR and 1 H NMR and propose structure (Scheme 2) for complex. The Freeman-Carroll and Sharp-Wentworth methods have been used to calculate activation energy and thermal stability. Thermodynamic parameters such as free energy change (ΔG), entropy change (ΔS) are also determined on the basis of TG curves and by using data of the Freeman-Carroll method and relative thermal stability of the complex are discussed.
Introduction
Gliclazide ( Figure 1 ) is a sulphonylurea derivatives can exist in keto and enolic form when dissolved in an organic solvent and react with various metal ions to form intensely coloured metal complexes that provide the basis for their use as a sensitive reagent. The thermal degradation study of complexes has become a subject of recent interest. It is important property of complexes, which decides the thermal stability and processability of the complexes. The study of thermal behavior of complexes at different temperature provides important information about its practical applicability. Iqbal et a1 l ., synthesized the metal complexes of gliclazide characterized by FT-IR, elemental analysis and TGA-DTG parameters. The thermal analysis (TGA) was performed at the heating rate of 10°C/min. in nitrogen atmosphere. Wilma et al 2 ., studied kinetics and thermal decomposition of Cu(II) complex of hydroxyl quinoline-5-sulphonic acid. Thermal data have been analyzed by Freeman-Carroll and Sharp-Wentworth method. Thermal analysis (TGA and DTG) is a typical analytical technique to describe the relationship between physicochemical changes and temperature [1] [2] in order to synthesize complexes having practical applications. There is a need to investigate the effect of heat on complexes in order to establish thermal stability. Iqbal et al., [3] [4] [5] [6] [7] have synthesized and characterized complexes of tolbutamide and glibenclamide by FT-IR, elemental analysis and TGA-DTA technique. Thermal studies of complexes were carried out to determine their mode of decomposition, the activation energy (E a ), order of reaction (n), entropy change (ΔS), free energy (ΔF). The Freeman-Carroll and SharpWentworth methods have been used to calculate thermal activation energy and thermal stability. However, very little work has been carried out on the synthesis and characterization and thermal degradation studies of the metal complex of gliclazide. Hence in this work we have prepared the complex of Cu(II) with gliclazide drug. The solid complex was characterized using different physicochemical methods, like elemental analysis (C, H, N, S and metal content), IR, NMR and thermal analysis (TGA and DTG). 
Experimental
Ligand-metal ratio a) Gliclazide 0.005 M solution was prepared by dissolving 1.617g in 100 mL ethanol, and cupric chloride solution was prepared by dissolving 0.426 g in 100 mL of ethanol. 10 mL gliclazide solution was titrated conductometrically against cupric chloride solution taken in burette. Conductance was recorded after each addition with proper stirring at temperature 30±1 0 C. Results were plotted between corrected conductance and volume of metal salt. From the equivalent point in the graph, ratio between metal and ligand was noted to be 1:2. b) Formation of 2:1 (L 2 M) ratio was further confirmed by Job's method 8 of continuous variation as modified by Turner and Anderson 9 (Table 1 and Figure 2a & 2b) . Spectrophotometric studies were conducted using absorbance as index property, from these values the stability constant (log k) and free energy change (F) were also calculated for gliclazide-copper complex. 
Synthesis of Complex
The chemicals used in this synthesis were all of Analar Grade Hi-media. A weighed quantity of gliclazide (2 mol) (supplied by Zim laboratory Nagpur, India) was dissolved separately in minimum quantity of 90% ethanol. The cupric chloride solution was prepared by dissolving (1 mole) separately in the same solvent. Ligand solution was added slowly with stirring into the metallic salt solution at room temperature. The pH was maintained between 6.0 and 6.5 by adding dilute NaOH solution. On refluxing the mixture for 3 h and on cooling the complex separated out, filtered off, washed well with ethanol and finally dried in vacuum and weighed. (Table 2) , the composition of the complex comes out to be (C 15 H 21 N 3 O 3 S) 2 ·Cu, for, which favors 2:1 (L 2 M) ratio. The tentative structure (c.f. Figure 7 ) was assigned to complex on the basis of analytical data and IR, NMR. 
Results and Discussion

Infra-Red Spectra Studies
The IR spectra of ligand and isolated complex ( Figure 3 ) were scanned within the range 4000-400 cm -1 . Assignments (Table 3 ) of the infrared spectral bands are based on literature. IR spectrum shows important bands due to (M-O) 400-600 cm -1 , (Ar-S) 700-800 cm -1 ,
The proposed structure for the isolated complex is also supported by IR absorption, C.N.Rao Table 4 . It is observed that the singlet due to the imide (NH) proton around 8.033 in the spectrum of the ligand but disappeared in the spectra of NH group in 912 Chem Sci Trans., 2014, 3(3), 909-918 the complex molecule due to formation of M-O band. This is also confirms the deprotonation of imide (NH) group through enolization (the appearance of >C=N stretching band observed in IR spectra). Other features of NMR spectrum were the aromatic presence of unresolved multiplet suggestive protons [13] [14] [15] [16] [17] .
Figure 3. IR spectra of gliclazide-copper complex
Thermal study of gliclazide-copper complex
In the present investigation, the weight loss of the complex was calculated within corresponding temperature ranges. The obtained data are listed in Table 5 . The complex is thermally decomposed in three decomposition steps within the temperature range of 50-600 °C. The TGA/DTA curves for the complexes are shown in Figure 4 . Table 6 . In studying the decomposition kinetics methods mentioned in the literature was used in each case the least square plots were drawn. The first few points that did not fall on straight line were discarded. These types of deviations of points are reported in literature by several research workers [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Theoretical Consideration
To provide further evidence regarding the degradation system of analyzed compounds, we derived the TG curves by applying an analytical method proposed by Freeman-Carroll 27 and Sharp-Wentworth. 28 
Freeman-Carroll Method
The straight line equation derived by Freeman and Carroll is: gives a straight line ( Figure 5 ) from which slope can be calculated. The energy of activation (E a ) and intercept on Y-axis as order of reaction (n), the change of entropy (ΔS) are also can be calculated. . We obtained a straight line (Figure 6 ) and the energy of activation (E a ) was calculated from its slope. Figure 6 . Determination of activation energy by SW method The thermodynamic activation parameters of decomposition process of dehydrate complexes namely activation energy (E a ), Entropy (ΔS) and Gibb's free energy change of decomposition (ΔG°) were evaluated graphically by employing Freeman-Carroll and SharpWentworth relation. The data are summarized in Table 7 . The activation energies of decomposition are found to be in the range 54 to 56 kJ mole -1 . The high value of activation energies reflects the thermal stability of complex. The entropy of activation is found to have negative values in complex which indicate that decomposition reactions process with lower rate than the normal ones, beside these parameters, in TGA curve (Figure 5 ), the initial loss with in temperature 20 -450 O C followed by loss of ligand molecule in the next step within the temperature range ≥450 o C with the formation of metal oxide as a residue of decomposition. 2 Cu. Thermal analysis of complex has been studied by giving their relative thermal stability. Applying the Sharp-Wentworth and Freeman-Corroll methods energy of activation (E a ), kinetic parameter viz. ΔS, ΔG and order of reaction (n) were determine by applying Freeman-Corroll method. 
Sharp-Wentworth Method
Using the Sharp and Wentworth equation:
